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consciousness there is no ground for such a position. Apart from 
the fact that evidence in favor of such view is entirely lacking it is 
apparent that this control, whatever the phrase may mean, must be 
of the same nature whether the noetic forms are sufficiently emphatic 
to appear in the field of attention, or are so unemphatic that they 
do not emerge from the field of inattention, or subattentive con- 
sciousness. 

Henry Rutgers Marshall. 
New York City. 
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A considerable part of the thinking world, outside of the small group 
of trained biologists, doubtless regards the evolution theory, in the precise 
form in which it was left us by Darwin, as one of the great permanent 
acquisitions to our knowledge. But such a view ignores the fact that the 
theory is itself a product of evolution and that it is still evolving with 
astonishing rapidity. The " Origin of Species," far from being a final 
statement of the case, owes its chief importance to the stimulus which it 
gave to further investigation and criticism. Among professional biol- 
ogists the view has steadily grown that the whole subject is deeper and 
broader than even Darwin realized, and immeasurably more complex than 
the cut-and-dried, second-hand expositions of various popular writers 
would lead one to suppose. The one settled truth seems to be that organic 
evolution is a fact; questions as to the method, rate, and direction of 
evolution are, on the other hand, still subjects for speculation and con- 
troversy — yes, and for experiment. From time to time certain theolog- 
ical opponents of the evolution doctrine attempt to make capital of these 
dissensions among the evolutionists themselves, and proclaim that the 
theory itself is losing ground. And, indeed, so completely synonymous 
in the popular mind are " Darwinism " and " evolution " that the in- 
creasing criticism of Darwin's special hypotheses seems to lend color to 
the view that evolutionism is tottering to its fall. It is, therefore, the 
duty of all writers upon this subject, when addressing general audiences, 
to make clear their attitude concerning the theory of descent as a whole, 
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before attacking any of these special hypotheses. Nor should the fact 
be obscured by those who criticize "Darwinism" that upon the great 
fundamental issue Darwin was wholly in the right, and that it was largely 
through his efforts that the world has become converted to this newer and 
grander view-point. 

The voluminous present-day literature of evolution consists in part 
of theoretical discussions, in part of concrete presentations of fact. Of 
course the two can never be wholly separated, and, indeed, both are equally 
necessary to progress. It is a shallow point of view which condemns 
speculation merely because the facts are not yet all in. Nevertheless, the 
growing tendency to appeal to experiment for the decision of the mooted 
problems of evolution is a very hopeful sign, and has already led to some 
real triumphs. Three recent works have been chosen for review, namely, 
" Darwinismus und Lamarckismus," by August Pauly, " An Investigation 
of Evolution in Chrysomelid Beetles of the Genus Leptinotarsa," by 
W. L. Tower, and " Darwinism To-day," by Vernon L. Kellogg. The first 
represents in a high degree the speculative type of discussion; the second 
is a protracted and obstinate appeal to observation and experiment; while 
the third is an encyclopedic treatise which deals judicially with the 
present status of Darwin's theories and of the various rival hypotheses, 
and summarizes in brief scope a vast array of literature. 

The work of Pauly is, as the subtitle declares, the "outline of a 
psychophysical teleology." His main thesis is contained in the declara- 
tion (p. 245) that "we ourselves are the creators of our adaptations" 
(Zweckma&sigkeiten). It is a panpsychic Lamarckism, which attempts 
to extend Lamarck's principle farther than ever its founder dared to 
venture. Despite Pauly's repeated disclaimers, we are afraid that the 
average biologist will insist upon branding his hypotheses as "mystical." 
And, indeed, if we judged the work solely by the weight of the scientific 
evidence which is offered us, we should dismiss it as hardly worthy of 
mention. But suggestiveness has its place even in the literature of biol- 
ogy, and such a general interpretation of organic nature has genuine 
interest and value. 

Like most of the critics of "Darwinism," the author is on his surest 
footing when engaged in portraying the weakness of the natural selection 
theory. There is little that is new in his criticisms, to be sure, and only 
certain classes of the well-known objections are discussed. The intense 
"struggle for existence" he regards as largely mythical. The competi- 
tion is mainly one between eggs or seeds, for but few of the competitors 
reach maturity. There is, therefore, no great superabundance of adult 
individuals. But great numbers are the essential condition for the action 
of selection, unless infinite time be given. After speaking of the low rate 
of fecundity of the whale or the elephant, he declares : " The whale, like 
the elephant, has, as its instrument for the production of adaptations, only 
whales at its disposal, only elephants in excess ..." (p. 32), and the 
force of the objection is manifest. The usual protest is entered against 
the " accidental " character of the variations upon which selection is sup- 
posed to act — accidental, that is, as regards their prospective use. 
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Lamarckism alone can tell us why "the time of origin of a functional 
adaptation coincides with the exercise of the function" (p. 34). And 
the Lamarckian yiew certainly does offer us by far the simplest explana- 
tion of this fact. Considering the nature of the argument which is pretty 
generally held to undermine the whole Lamarckian edifice, it is interest- 
ing to find Pauly urging the insufficiency of heredity to meet the needs 
of natural selection (pp. 35, 36). Indeed, throughout the entire volume 
there is no discussion of the evidence for and against the inheritance of 
acquired characters. Nevertheless, we are told (p. 75) that " it belongs 
with the other monstrosities in the thought of the Darwinian epoch that 
one biologist (August Weismann, in Freiburg) could cause the convic- 
tions of his time to waver on this point." The real anomaly, in the mind 
of the reviewer, is the fact that biologists, scarcely without exception, 
supinely shirk the solution of this most vital problem. 

The impossibility of accounting for the myriad of coadapted and cor- 
related structures in an animal body by the accumulation of independent 
variations is presented forcefully. The stereotyped reply of the orthodox 
selectionist, as each part of the mechanism in turn is subjected to 
scrutiny, is held up to ridicule in an imagined dialogue. " Whence this 
transparency of the cornea? Whoever thus varied, survived. — Whence 
its spherical curvature? Whoever thus varied, survived. — Whence the 
transparency of the lens? Whoever thus varied, survived. — Whence its 
curvature? Whoever thus varied, survived. — Whence the transparency 
of the vitreous body? Whence the pigmentation in the eye? Whence 
the adjustable curtain? Whence the sensory nerve, the rods and cones, 
the muscles of accommodation, the muscles of the eye-ball, the tear- 
glands, lids and lashes? Whoever thus varied, survived. — Whence this 
possibility of closing the lids, whence the coordination of the eyes ? Who- 
ever thus varied, survived. — Whence the pumping action of the heart, 
these valves and tubes? Whoever thus varied, survived. Without end 
is put forth the same answer" (pp. 37, 38). 

Pauly appears to be a man of one idea, for, unlike many opponents of 
the natural selection theory, he seems to deny its efficacy altogether. In 
fact, his denial at times has a petulant sound, as when he refers to the 
"Darwinian pseudo-explanation," "impotent principle," "empty concep- 
tion," "Darwin's monstrous attempt at an explanation," etc. 

But Darwinism, we are told, is only one symptom of the fallacious 
trend of modern scientific thought. The author strikes at the whole 
mechanical conception of organic nature, and substitutes what he terms 
a " psychophysical " one. The responses of tissues to functional changes 
are not mechanical, but adaptive. "Not even in a tissue of passive 
mechanical function, such as we find in bone, can a blind summation of 
work-stimuli produce anything adaptive according to purely mechanical 
principles " (p. 135). Physical forms of energy can not be the true causes 
of adaptive organic processes, because they can not mediate between the 
want and the future reaction which this gives rise to. "The organic 
being shows itself to us not as their product, but as a power utilizing 
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them" (p. 173). "Thus with the higher plants gravity does not deter- 
mine the growth of the stem and the root, but the plant directs its growth, 
that is, its cell-division, following its needs, according to gravity" (p. 
177). Teleology is the fundamental explanatory principle of the organic 
world. Such language is familiar enough to biologists in the writings of 
the modern school of vitalists, and it is with the " neo-vitalists " that 
Pauly must be classed. But we must acquit him at once of much of the 
turbidity of thought and expression which characterizes such writers as 
Driesch. For " enteleehy " and " psychoid " he endeavors to substitute 
definite concrete acts of perception, judgment, and will. " That the root 
turns itself from the light, if it be brought artificially within its influence, 
shows that it perceives its action and has experience of the fact that if it 
directs its course toward the light, it will not find what it needs " (p. 178). 
And again: "Before the cornea acquired its glassy transparency there 
must have first been the experience that through some action unknown 
to us, by means of which the opaque particles were removed from it, the 
need of seeing was more completely satisfied; and before its stronger 
spherical curvature was acquired the experience must have preceded that 
definite alterations in its tension or in its growth, through which its 
curvature was increased, furthered sight" (p. 129). Perhaps the average 
reader will think that such an explanation demands an even greater tax 
upon the imagination than the "Wer so variierte, blieb iibrig" of the 
dialogue quoted above. But what will the "average reader" say to 
this? — "Never could it have come to pass with the vertebrates that out 
of a heart in which both sorts of blood, the arterial and the venous, still 
mixed, there arose one in which each sort of blood followed its own path, 
unless the cells of the inner surface of the heart and vessels, which came 
into contact with the blood, could distinguish between venous and arterial 
blood, could communicate this difference by conduction to other cells, and 
stimulate them to a constructive activity such that the separation of the 
two sorts of blood would be promoted" (p. 206). The response of any 
part to a given environmental stimulus is not determined by its own 
needs alone, however, but by those of adjacent parts and of the entire 
organism. Referring again to the lining cells of the vertebrate heart, he 
says : " The turning of their attention to the difference between the two 
sorts of blood could not, however, have arisen in the endothelial cells 
themselves, but sprang from the need of the whole for more oxygen and 
for the liberation of carbon dioxid, if the organism were in any way 
stimulated to a higher degree of activity" (p. 206). Far fetched as this 
special instance may seem, Pauly is certainly right in insisting upon the 
physiological unity of the animal body and the profound correlation of 
its functions. The condition of each cell affects that of every other, 
including the reproductive cells. In this direction lies the possibility of 
explaining the inheritance of somatic modifications, if this should ever 
be proven. And the assumption of such inheritance is, of course, funda- 
mental with Pauly, though he does not concern himself with proving it. 
How is this physiological unity (or, as he would call it, a psychophysical 
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one) maintained? Partly, of course, through the nervous system. But 
plants have no nervous system, and much may happen even in the animal 
body without its aid. For plants (and, by inference, for animals) Pauly 
assumes the existence of a " psychophysical irradiation-current " (psycho- 
physische Irradiationsstrom) which passes from cell to cell with extreme 
rapidity. The propagation of this " must be a very fine physical process, 
which must also be much more rapidly propagated than the gross physical 
stimuli whose spread from cell to cell has been followed with the micro- 
scope" (p. 186). One is reminded of the "animal spirits" and those 
various other quaint conceptions which amuse us in the science of bygone 
days. 

We are given a chapter on "Plant Psychology," another on the 
" Teleological Reactivity of the Feathers of Birds." The former con- 
tains much that is interesting; and the author's extension of elementary 
psychic processes to the plant kingdom is, of course, a familiar philosophic 
standpoint with much to recommend it. Indeed, it may be helpful even 
to the biologist to conceive of the reactions of non-nervous organisms as 
manifestations of perception and desire, — helpful in emphasizing the 
essential unity of all behavior. But that the psychic factor must be 
invoked as a cause of physical events — called in when mechanical factors 
seem to fail us — this is not consistent panpsychism, and certainly is not 
legitimate biology. "We are told that the psychological factor is the only 
one which can explain teleological (meaning adaptive) happenings. Why 
adaptive ones in particular ? According to Pauly's own statements, there 
is nothing prophetic about organic responses. By experience it is learned 
that a particular response, of growth or otherwise, satisfies a given need. 
Reactions are not in the first instance adaptive, but random, therefore; 
until, secondarily, an association is established between the perception of 
the need and the perception of the means of relieving the need In his 
chapter entitled " Der Begriff des Mittels " (i. e., the instrument or means 
by which each particular need of the organism is met), we are told that 
" one of the foremost properties of the ' Mittel,' a property which must 
determine the character of the natural teleology through all stages of the 
world's evolution, is this, that it is not determined in advance for its pur- 
pose, but is only brought into association with it through an accidental 
juxtaposition; that is, its useful characteristics do not aim towards their 
future application, but experience the same as an occurrence foreign to 
themselves" (p. 108). This is essentially the law of "trial and error" 
upon which Jennings and others have laid so much stress; though no 
mention is made of these writers by Pauly. If all adaptation is thus 
reducible to the survival of favorable chance responses, the ogre Selection, 
with its terrible stigma of Zufalligheit, after having been thrown out of 
the front door, has stealthily gained entrance at the rear. And if natural 
selection is a non-teleological explanation of the origin of adaptations, is 
not also this functional selection, the " method of trial and error " ? The 
truth is that any explanation, so far as it ia scientific, must be non- 
teleological. Causation and teleology can not be thus spliced together in 
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a single homogeneous series. But to banish teleology altogether would, 
indeed, be to banish all significance from life. " Were there not in our 
world," says Pauly, " a unique phenomenon purposefulness (das Zweck- 
massige) — the most wonderful and admirable of all phenomena . . . then 
could the investigation of psychological phenomena be spared from sci- 
ence; but in such a world we, ourselves, would not exist" (p. 201). We 
must agree in insisting upon the preeminence of mind in any general 
conception of nature, and in rejecting the shallow materialism which 
regards it as an " epiphenomenon " which occasionally intrudes itself into 
the world of real facts. But the question here to be decided is this : is it 
either legitimate or in any way helpful to drag in mind as an accessory 
causal explanation to help us out of certain difficult places in the series of 
physical events? Indeed, a thoroughgoing panpsychism is at one with 
materialism in refusing to do this. And Pauly is in other respects a 
panpsychist. " The purposeful acts of the body cells are peripheral acts 
of thought" (p. 216). But "psychic faculties did not first commence 
with protoplasm": they exist in all matter (p. 166). And again: "Life 
is a world property" (p. 291). Indeed, the "dual aspect" theory of 
mental and physical is in some passages maintained quite clearly (pp. 
164, 267). Why, then, we must ask, does he characterize certain forms of 
energy as peculiarly "psychic energy"? 

Another inconsistency is the denial of consciousness to many of those 
very " teleological " processes, for the psychological character of which he 
clamors so loudly : " . . . the share of consciousness in the teleological act 
may be quite different in different cases. The cause as well as the effect 
of the adaptive response can lie without it altogether ..." (p. 212). 
For judgment (Urteil) is not always conscious (p. 204). We thus face 
the inconceivable and self-contradictory hypothesis of unconscious per- 
ceptions, decisions, etc. And yet the author tells us that his theory of 
the psychical causation of physical events " is no unwarrantable digres- 
sion into metaphysics, but a quite proper, purely empirical, causal bond, 
based upon experience which may be tested at any moment" (p. 160). 
His principle is uberaU irdisch; one which "can be investigated experi- 
mentally as well as theoretically." 

The upshot of the whole matter is that panpsychism must be thorough- 
going or it must be silent altogether, and in any case that it is utterly 
irrelevant in biological theory. 

Some of the concrete applications of Pauly's principle have been given 
above. Others may be mentioned briefly. " How far this delicacy of per- 
ception extends appears most clearly perhaps in the poison fangs of the 
snakes, which, in order to lead the poison into the wound, must form a 
groove on their surface, whose margins finally fuse completely ..." 
(p. 222). Eeflection leads to the conclusion, he says, that there is 
no difference in kind between the actively working organs and those of 
seemingly passive function (p. 223). "For many cases there exists a 
certain probability that the idea of the space in which an animal has to 
move influences its development in size" (p. 242). Adaptive coloration is 
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determined by the perception of the environment (p. 242) ; and the orna- 
mental colors of a bird are an expression of its esthetic feelings. Speak- 
ing of the plumage of a peacock, he affirms : " The cause must have had 
eyes" (p. 271). This is just what Darwin said; but his sexual selection 
theory has always been open to the reproach of assuming too high a degree 
of mentality on the part of the animals in question. How it is possible 
for this esthetic sense to react upon the feathers and to influence their 
further development, is stated as follows (p. 284) : " In order that the 
feather may be able to react functionally, the inner reality (das Innere) 
of each of its smallest parts must stand en rapport with the feelings and 
ideas of the brain, and therewith an understanding is possible between the 
needing and the need-fulfilling parts; a psychic current must circulate 
between both places, as is assumed for all teleological acts." 

But why multiply instances? It is to be feared that already the 
metaphysical reader has begun to rub his eyes and to wonder whether 
this, after all, is physical science which is speaking — that same physical 
science which has been so wont to reproach him with harebrained specula- 
tions ! 

One of Pauly's subsidiary assumptions, and one, indeed, which is fre- 
quently made by evolutionary writers, is the notion that any step forward 
in the evolution of an organism must be determined by some change in 
external conditions. To the reviewer this assumption appears to rest 
upon an insufficient analysis of what is meant by "conditions." In 
reality a new set of conditions confronts the organism with each new 
modification of structure or function which it undergoes, even though the 
physical factors of the environment remain unchanged. Evolution in an 
absolutely fixed environment is thus at least conceivable. 

Pauly, so far as we can judge by the present volume, exhibits little 
familiarity with recent developments in biology; and the extensive and 
extremely relevant modern literature of heredity and evolution is prac- 
tically ignored by him. And we can not refrain from an allusion to his 
style, which is typically and painfully Teutonic, according to our Ameri- 
can standards. I need only allude to one sentence of 16 lines and 156 
words (p. 128), which is the author's worst offense of this class, so far as 
the reviewer has had the patience to count. However, we must close with 
the frank admission that the work is filled with ingenious speculation, 
and with really sound destructive criticism. 

Passing to the work of Tower, we once more feel the solid ground 
of reality under our feet. This investigator has devoted over ten years 
of his life to studying variation, inheritance, and, by inference, evolution, 
in the genus Leptinotarsa, a group of small plant-eating beetles which 
includes the well-known " potato-bug." Such a study may seem altogether 
too special for consideration in a journal devoted to the broader problems 
of science and philosophy; yet few biologists would probably deny that 
Tower's work is one of the most substantial American contributions to 
the science of evolution. For patience and thoroughness it comes near 
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to being a model for all future work in this field. Geographical distribu- 
tion, variation (statistically considered), ecology, embryology, and be- 
havior are all called upon for their evidence. But the portion of the work 
which has probably created the greatest impression is that devoted to 
experiment. Tower has produced artificial modifications in the color 
patterns of his beetles and shown that under certain conditions these may 
be transmissible and become fixed in future generations. As an example 
of the magnificent scale upon which these operations were conducted, we 
may mention that over 200,000 beetles were examined in his search for 
mutations in nature, while more than 40,000 larvae were subjected to 
artificial conditions in one series of experiments alone! 

From his study of geographical distribution, Tower concludes that 
" we have strong evidence for the orthogenetic evolution of species as the 
result of response to changes of environment," and that we can infer with 
considerable certainty what the exact course of evolution has been, with 
respect to the various species here concerned. But we can come to no 
final conclusion as to its modus operandi. " Viewing the data and evi- 
dence from a strictly impartial standpoint, as one having no more interest 
in one hypothesis than in any other, as far as I can discern there is no 
certain basis for asserting what method or methods of evolution have 
been followed in this genus of beetles. . . . We can interpret the condi- 
tions found by any of the current hypotheses ..." (pp. 118, 119). 

Tower has analyzed at great length the variability in color and in 
markings within the limits of certain species. He concludes that 
"species differentiation, as far as it is possible to determine, has teen 
definite and not promiscuous, and that all variations are definite and not 
promiscuous, and also that "both species differentiation and all variations 
are in the same directions and are in a most remarkable manner cor- 
related with natural features of the general habitat" (p. 119). But these 
geographical color variations (ranging from albinic to melanic) occurring 
within the limits of a species are, in the jargon of the biologist, 
"somatic" or "ontogenetic," i. e., they are brought about independently 
in each individual by the influences surrounding it, and can not be trans- 
mitted to descendants. For example, the offspring of beetles from 
various parts of the United States and Canada, when reared in Chicago, 
assume at once the Chicago type of coloration. " As far as the evidence 
goes, and I believe that in this case it is remarkably complete, since so 
much is known of the history of the species, it seems certain that this 
form has not been altered by its existence in any one of a dozen different 
habitats, and that it has retained the same constitutional structure and 
character" (p. 111). 

Tower has a good deal to say respecting what he terms " place varia- 
tion." By this is meant, not local or geographical variation, as might 
have been inferred from the name employed, but the oscillations occurring 
from year to year and from generation to generation in the mean char- 
acters of the population of any given region. In his early writings, the 
term "secular variation" was employed for this phenomenon, and we 
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think it should have been retained as being appropriate and, indeed, 
almost self-explanatory. The term "place variation" was suggested to 
him by Davenport's expression " place mode," and may have some justifica- 
tion ; although, if taken in an every-day literal sense, it is positively mis- 
leading. Since the phenomenon in question is likely to become prominent 
in future discussions of variation among animals and plants, it is im- 
portant that a fitting name should be chosen. Scientific literature is 
already sufficiently encumbered with technical terms which belie their 
literal meaning. Owing to secular variation " one may be easily led into 
serious errors by the gathering of material here and there, and at one time 
only" (p. 102). Statistical studies have doubtless been often vitiated by 
this oversight. A species manifests variability of this sort because of 
" fluctuations from time to time of the individual factors in its environ- 
mental complex " (p. 102). It is, therefore, purely " somatogenic " and, by 
inference, non-hereditary. "It appears that geographical and place 
variation are closely related; that place variation is in reality the cause of 
geographical variation" (p. 112). 

Great differences in the mean coloration of these beetles were produced 
artificially by subjecting them, shortly before pupation, to differences in 
the temperature or degree of humidity. In general, it may be said that 
an increase in pigmentation was produced either by a moderate increase or 
a moderate decrease of either temperature or humidity; while a decrease 
of pigmentation resulted from extreme conditions in either factor. Thus 
"neither temperature nor humidity seems to have any specific influence 
upon the coloration of the beetle; but each acts as a stimulus toward the 
production of an increase in activity under slight deviations and toward 
a decrease under larger deviations " (p. 194). Moreover, the effect is not 
greater if the artificial influences are brought to bear throughout the 
entire life of the larvae ; for their action is restricted to the period of color 
formation itself. What is more important, Tower finds the modifications 
which he has produced in this way to be absolutely non-inheritable. In 
this respect, they agree with the geographical or climatic modifications 
that were found in nature, with which, moreover, they run closely parallel. 
In general Tower declares himself strongly against the " inheritance of 
acquired characters." " Among the thousands of somatic variations 
which I have produced in my experiments on color modifications, not one 
has ever given the least indication of permanency in succeeding genera- 
tions or in crossing" (p. 212). 

In another extensive series of experiments, Tower sought to determine 
to what degree individual color variations of the " continuous " or 
"fluctuating" type were transmissible. In most cases the results were 
quite negative, but in a certain proportion of cases (about 4 per cent.) 
individuals were found possessing deviations which proved to be heredi- 
tary. There was thus a difference, not at first obvious, between one class 
of variations and the other. According to the prevailing view, one class 
would represent " somatogenic " modifications, the others being more deep 
seated, that is, being germinal in origin. "Working with the latter type of 
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individuals, Tower found, with de Vries, that he could, by rigid selec- 
tion, improve the strain up to a certain point, *. e., within the limits 
of normal variability, but that beyond these limits he could not pass. 
The inference which the reader is allowed to draw, and to believe that 
Tower himself draws, is that fluctuating variations afford wholly inade- 
quate material for permanent or considerable modification through selec- 
tion. In plain enough terms he assures us that " artificial selection . . . 
created a race of low variability about the standard chosen, which it 
maintained as long as selection was practised; but it did not carry the 
race beyond the normal range of variation of the species" (p. 265). 
And again "... my cultures of decemlineata show in a clear and un- 
mistakable manner the inadequacy of selection to create new elemental 
species and the fact that such do arise by sudden transformation. By 
selection we can create races, but we must maintain them by the same 
process, else they revert to the mediocre of the parent species " (p. 282). 
And on the same page he had already written : " The experiments with 
pallida are strong evidence in favor of the origin of species by rapid 
change, better, perhaps, than that afforded by de Vries's plants." It is 
true that a few pages later he qualifies these conclusions (or, rather, 
contradicts them) with the declaration that this failure to effect any 
considerable modification of a race by selection " may be attributed either 
to the inefliciency of selection to overstep the normal limits of variation, 
or, with more probability, to imperfect methods, and to the brevity of 
the experimentation" (p. 285), and with his expressed belief that these 
two types of variability (" fluctuating " and " discontinuous " or " muta- 
tional") are "the extremes of one and the same phenomenon" (p. 283). 
Nevertheless, these admissions lurk in the background at this stage of the 
volume, and the bulk of the argument is quite in harmony with the 
passages previously quoted. Whatever was Tower's intention in writing 
thus, the average reader may be pardoned for concluding at this point in 
the narrative that the author is a staunch mutationist of the de Vriesian 
type. And the conviction gains in strength as one proceeds with his 
discussion of mutations, both of natural and artificial origin. These sud- 
denly appearing, extreme variations "breed true" from the outset and 
give Mendelian ratios when hybridized with the parent stock or with other 
mutants. They are thus the materials out of which permanent species 
could be created. And, indeed, Tower reared an extensive colony of 
one of these mutant varieties for six generations, and found that it 
rapidly crowded out the parent species in the particular locality where it 
was bred. 

On page 93 we learn that " large or extreme variations are determinate 
and always occur in directions corresponding to the maximum lines of 
fluctuating variations " ; and further that " in place variation, whenever 
there occurs an extreme oscillation of the population there is an accom- 
panying production of an unusually large percentage of extreme varia- 
tions or mutants" (p. 105). 

But it is the experimental production of these mutants which forms, 
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perhaps, the most striking feature of Tower's work. Considerable changes 
in temperature and humidity were applied to the beetles in a series of 
experiments, similar to those already discussed, but with one important 
difference. Here the artificial conditions were applied, not during pupa- 
tion, but at the period immediately preceding the ripening of the germ- 
cells, that is, during the imaginal stage of the insect, at a time when the 
color patterns had been definitively laid down. It is during this period 
of maturation, Tower believes, that the germ-cells are most sensitive. 
Such experiments are in a sense crucial "because whatever stimulus is 
brought to bear upon the animals can not further modify the parents, 
since they have attained their final state, and can, therefore, not develop 
further, even if they could transmit any acquired modifications" (p. 
287). The cases of transmission discussed below are, therefore, to be 
sharply distinguished (or at least so Tower believes, and with him most 
other biologists) from any actual " inheritance of acquired characters," 
such as forms the chief article of faith with the Lamarckians. 

In reality the germ-cells were somehow affected by the treatment 
accorded them, since, in many cases at least, a large proportion of 
"mutants" resulted — as many as 87 per cent, of the entire number of 
survivors, in one instance. The total number of such extreme variations 
found in nature was only 118 individuals out of more than 200,000 exam- 
ined. These mutants were all assignable to the same varieties as those 
found in nature, and, like the latter, bred true with one another, and 
"Mendelized" when cross-bred. Just as in the previous set of experi- 
ments with changed temperature and humidity, neither of these condi- 
tions acted in any specific manner, " but solely as a stimulus, which, when 
brought to bear upon the germ-plasm, produced a response or change 
which took the form of permanent variations in some one or more char- 
acters" (p. 286). 

One is not quite able to understand why the pronounced effects of 
climatic conditions already discussed under the head of geographical 
variation should be so utterly transitory and impermanent as Tower be- 
lieves; for these conditions act during the whole life, including this sup- 
posed period of high germinal impressibility. But the author seems to 
liken this grand-scale test which nature offers us to his first experiments 
in which " somatic " changes alone were produced, rather than to his later 
series in which the " germ-plasm " was modified. 

In his concluding chapter, Tower expresses opinions for which the 
reader is hardly prepared, considering the many previous statements 
which seem to imply an exactly opposite point of view. " Variation and 
natural selection in their various aspects furnish the entire solution to 
the problem of the method of evolution and of adaptation" (p. 298). 
After the consideration of an elaborate curve, constructed "to show the 
distribution of the inheritable variations about the mean of L. decem- 
lineata," he tells us (not, indeed, for the first time) : " I maintain, there- 
fore, that 'mutation' is not a special kind of variability, different from 
that of ' ordinary fluctuating variation,' but is a part of the normal vari- 
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ability, and the direct response of the germ-plasm to stimuli " (p. 309). 
But some readers may be staggered by the statement upon the last page 
of the book: "I have failed utterly to discover in these beetles evidence 
that mutants have taken any great part in evolution, all evidence showing 
them to be most rigorously exterminated by natural selection. ... J am 
therefore of the opinion that the evolution of the genus Leptinotarsa, 
and of animals in general, has been continuous and direct, developing 
new species in migrating races by direct response to the conditions of 
existence." One might almost be led to believe that the author's own 
views had changed during the progress of the manuscript, and that he 
had not revised the earlier pages. 

Another seeming contradiction, relating to a point of less importance, 
is contained in Tower's discussion of assortive mating. On page 238 
reference is made to "the habit that extreme individuals have of show- 
ing a strong tendency in mating to select partners of a more mediocre 
condition than themselves." And again: "It is evident from the table 
that the extremes only 'very rarely mate, and that when they do it is most 
frequently with mediocre individuals, as might be expected" (p. 240). 
Unless the table is cryptic, it certainly shows nothing of the sort. Ninety 
per cent, of the " class 1 " males 1 mated with " class 1 " females, 70 per 
cent, of the " class 2 " males with " class 2 " females, 88 per cent, of the 
" class 9 " males with " class 9 " females, and 90 per cent, of the " class 
10 " males with " class 10 " females. It is in the highest degree improb- 
able that the author's own views are in such a hopeless state of contradic- 
tion as is here implied. But he has not made it clear to the reader (more 
specifically this reader) which of the statements he is ready to stand by. 

But such defects as have been pointed out are not fundamental. After 
contemplating the work as a whole, one is forced to attribute these ap- 
parent discrepancies to carelessness or to an insufficient regard for the 
reader's point of view. A more serious criticism would bear upon the 
author's conception of natural selection, even in its definitive form. How 
this principle can be regarded as merely "the conservator of the racial 
mean and mode, the destroyer of all variation diverging much from the 
orthogenetic trend of evolution" (p. 314), and at the same time as the 
" most important factor in evolution," which he also believes to be true, 
is difficult to understand. For he elsewhere makes it clear (p. 256) that 
the importance of natural selection as a conservator of species is to him 
" due not to the tendency usually attributed to it to preserve as many of 
the useful variations as possible, but to the fact that it holds the species, 
race, or variety to the modal standard." Such a conception of natural 
selection, if the reviewer properly interprets the passages cited, would 
seem to make it a wholly conservative rather than a progressive factor, 
a check upon evolution rather than a cause of it. The " survival of the 
fittest " would merely mean the survival of the mediocre. But Tower, as 
we have seen, is not always fortunate in making clear his own standpoint. 
His last word in regard to mutations is that he regards them " as pro- 

1 Classes 1 and 10 form the extremes of the series. 
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phetic variations indicating what may perhaps be the next species in the 
evolution of the race" (p. 314). 

Kellogg's " Darwinism To-day " is before all else characterized by its 
usefulness. It gives within the brief scope of its four hundred pages the 
gist of most of the post-Darwinian evolutionary literature worth men- 
tioning. And, despite certain minor abominations of style, it is an ex- 
tremely readable book and abounds in pithy sayings and quotable passages. 
One commendable trait displayed by the author is his lack of personal 
animosity and the general spirit of conciliation shown throughout. The 
tone is judicial, and the work as a whole impresses one by the fairness 
accorded to all sides of a question. One of the features of the book is 
the proportion of space devoted to appendices, which, in the aggregate, 
occupy a third of the entire volume. These contain much illustrative 
material too special for the general reader, and extensive quotations from 
original sources. We have, for example, a list of books and papers deal- 
ing with variation, a complete Weismann bibliography, an admirable 
condensed account of the various theories of protoplasmic structure in 
relation to heredity, and important extracts (sometimes pages in length) 
from the writings of Cope, Galton, Haacke, Kellogg, le Dantec, C. L. 
and T. H. Morgan, Eageli, Plate, Romanes, de Vries, Welden, Wolff, 
and others. In fact, the book is a sort of brief encyclopedia of recent 
thought upon evolution. 

Unfortunately, the style of the work is seriously marred by the cum- 
bersomeness of many of the sentences. The writer tells us (p. 30) how 
thoroughly he has delved in the German evolutionary literature of the 
day. And of this his own style bears abundant witness. The pages 
abound in lengthy and involved sentences, and parenthetical clauses, so 
much so as to threaten with aphasia the unfortunate one who may ven- 
ture to read them aloud. (To this the reviewer can testify!) Illustra- 
tions of this could be chosen from almost any chapter, but I will cite a 
single instance only. At the bottom of page 192 we read : " Lamarckism 
says that the first fishes to go into the dark cave suffered a partial indi- 
vidual degeneration of their eyes through disuse and that this eye degen- 
eration was inherited by their young, whose eyes, already bad, suffered 
further degeneration in their lifetime through disuse, and that after com- 
paratively few generations this cumulative actual morphologic degenera- 
tion through disuse — and we know that unused active organs, as muscles, 
stimulus-perceiving parts, etc., do actually degenerate in an individual's 
lifetime through disuse — would reduce the eyes to a very degenerate con- 
dition." But the " limit " is much more than reached on page 328, where 
we have a paragraph of twenty lines, constituted by a single sentence, 
composed of 176 words and containing two parentheses. The best poor 
Pauly could do was sixteen lines and 156 words! And while we are 
mentioning these petty blemishes, we must point to frequent dissonances 
in the word combinations employed; such as: "curiously nearly com- 
pletely subjective " ; " more or less nearly entirely " ; " influence of ex- 
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trinsic influences," followed by a third "influence" in the same sentence; 
" readily directly " ; " practically generally " ; etc. Reference is made on 
page 14 to the " sea anemone Podocoryne " (this being in reality a hydro- 
zoan) ; and there are one or two other statements as to fact which are at 
least questionable. It is unlikely, too, that any biologist ever was guilty 
of so gross a perversion of the protective-coloration hypothesis as is 
imputed on page 37: "Polar bears are probably descended from brown; 
and their white fur coat is probably an advantageous adaptation in their 
life in the Arctic. But did the fortuitous appearance in his coat of a 
spot of white hairs as large as a dollar or a pancake give some ancient 
brown bear such an advantage in the struggle for existence as to make 
him or her the forerunner of a new and better adapted sort of bear ? " 

The work naturally divides itself into three main portions: (1) the 
chapters entitled " Darwinism Attacked," (2) those entitled " Darwinism 
Defended," and (3) those devoted to supplementary or substitute hy- 
potheses. Nor must we omit the excellent introduction. 

Almost at the outset we learn the author's estimate of the strength 
of the anti-Darwinian movement. After alluding to the rising wave of 
destructive criticism, particularly in Germany, we are told (pp. 4, 5) : 
" Answers and defenses have appeared and are appearing. But in prac- 
tically all these defenses two characteristics are to be noted, namely, a 
tendency to propose supporting hypotheses or theories, and a tendency 
to make certain distinct concessions to the beleaguering party. The fair 
truth is that the Darwinian selection theories, considered with regard to 
their claimed capacity to be an independently sufficient mechanical ex- 
planation of descent, stand to-day seriously discredited in the biological 
world. On the other hand, it is also fair truth to say that no replacing 
hypothesis or theory of species-forming has been offered by the opponents 
of selection which has met with any general or even considerable accept- 
ance by naturalists." 

The philosophizing dilettante in biology, or the sociologist straining 
to prop up some cherished hypothesis on a support reaching down into 
subhuman realms, will meet with a timely warning in Chapter II. After 
voicing a growing sentiment among embryologists that "the recapitula- 
tion theory of Fritz Miiller and Haeckel is chiefly conspicuous now as a 
skeleton on which to hang innumerable exceptions " (p. 18), he writes 
(p. 21) : " Unfortunately it is exactly on that weakest of the three founda- 
tion pillars of descent, namely, the science of embryology with its Miil- 
lerian-Haeckelian recapitulation theory or biogenetic law, that the child- 
study pedagogues have builded." And, referring to sociology, he writes, 
with more force than elegance: "As the proved part [of biology] is 
largely of the nature of facts of observation, isolated and unrelated, and 
the unproved part is composed of the large and sweeping generalizations, 
the plausible, provisional explanations, such as the various theories of 
heredity, of the results of struggle, of the development of mutual aid, etc., 
that is, is exactly the sort of material that the sociologist needs to weave 
into his biological foundations for the sociologic study of man, it is 
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exactly this unproved part of biology that the searching sociologist carries 
home with him from his excursions into the biological field. . . . Biology 
is not yet come to that stage in its development where it can offer many 
solidly founded generalizations on which other sciences can build " (p. 22). 

Coming to the first chapter on " Darwinism Attacked," we find the 
critics of the selection theories classified as follows (p. 27) : " Among the 
critics of the selection theories we must note two groups, differing in the 
character of their criticism more in degree than in kind, perhaps, but still 
importantly differing. One group denies in toto any effectiveness or 
capacity for species-forming on the part of natural selection, while the 
other group, a larger one, sees in natural selection an effective factor in 
directing or controlling the general course of descent, holding it to adapt- 
ive lines, but denies it outright any such Allmacht of species control as 
the more eager selectionists, the so-called neo-Darwinians or Weismann- 
ians, credit it with. This larger group of critics sees in natural selection 
an evolutionary factor capable of initiating nothing, dependent wholly 
for any effectiveness on some primary factor or factors controlling the 
origin and direction of variation, but wholly capable of extinguishing all 
unadapted, unfit lines of development, and, in this way, of exercising 
decisive final control over the general course of descent, i. e., organic 
evolution." 

This second group is evidently "anti-Darwinian" in a very limited 
sense, and it is, indeed, a question whether Darwin himself could not 
fairly be assigned to it. Certainly Kellogg belongs here. 

The various arguments against selection are presented in a forceful 
manner; and the general impression produced on the layman who follows 
them and appreciates their significance is that there is little left of " Dar- 
winism" worth defending. And, indeed, the author himself seems to be 
in sympathy with a large part of the criticism, and reinforces it from 
time to time with evidence drawn from his own special studies. Even to 
summarize this mass of destructive criticism is hardly possible within the 
limits of a review. Much of it is already familiar to those who have 
followed the evolutionary discussions of the past twenty-five years. Some 
of the most telling objections are (1) the determinate or " orthogenetic " 
character of evolution believed to be shown by paleontology; (2) the 
relatively small number of variations large enough to be of probable 
selective value (biometry reveals a concentration about the "mode"); 
(3) the now admitted inability of selection to explain the complete reduc- 
tion of vestigial (commonly miscalled "rudimentary") organs; (4) the 
fact that those trivial characters which distinguish species from one 
another are commonly of no assignable use to the organism (thus natural 
selection can not explain the "origin of species" [!] even if it is able 
to explain the development of adaptive structures) ; (5) the difficulty of 
explaining the correlations and coadaptations so characteristic of organic 
bodies, by the independent fortuitous variation of each component; (6) — 
akin to the last — the tax upon our imagination required by the belief that 
each one of the countless adaptive parts of the body attained its present 
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condition through a life or death verdict pronounced with reference to 
that particular part; 1 (7) the inability of natural selection to explain the 
beginnings of useful structures, i, e., before they had reached the stage 
of usefulness; (8) the shortness of geologic time; (9) the purely quanti- 
tative character of the " fluctuating " or " Darwinian " type of variations 
(emphasized by the " mutationists ") ; (10) the inability of selection, unas- 
sisted, to differentiate species (need of " isolation ") ; (11) difficulty of 
explaining interspecies sterility by selection; (12) doubt as to the extreme 
rigor of the struggle for existence (a basic assumption of Darwin's) ; 

(13) natural selection needs the support of the sexual selection theory 
which is discredited (i. e., if secondary sexual characters can be explained 
without the aid of any form of selection, why not the other characters ?) ; 

(14) the falseness of the analogy between natural and artificial selection. 
And this does not complete the list. Truly we may agree with Kellogg 
that " there is a very real and effective amount of destructive criticism 
for Darwinians to meet." 

How is this criticism met? The defense is much briefer than the 
attack, and, we think, far less satisfactorily presented. At the outset we 
are told (p. 129) that "much anti-Darwinism is futile and easily an- 
swered; much was answered by Darwin himself before ever the anti- 
Darwinians formulated it; much other anti-Darwinism is directed against 
a position which Darwinism, true Darwinism, has long seen the inadvisa- 
bility, indeed the impossibility, of holding . . . these humiliating conces- 
sions, if humiliation is in them, only being made necessary because of 
the ill judgment and rash enthusiasm of certain too ardent and too con- 
spicuous friends of Darwinism, the so-called neo-Darwinians." Some of 
these concessions are stated a few pages farther on (pp. 135, 136). " On 
the whole, ... I think I speak perfectly fairly in saying that the believers 
and defenders of the natural selection theory to-day admit in large meas- 
ure the validity of those criticisms which are directed at the incapacity 
of Darwinism, in its long familiar form, to account for the development 
of variations and modifications up to the advantageous or disadvantageous 
stage. They admit also the actual existence, and in abundant measure, 
of species differences which are of indifferent character, that is, of no 
especial utility, and make the consequent admission that such species 
differences can not for the most part be explained by natural selection. 
And they also concede, or at least most of them, including Weismann, do, 
the force of the criticism that the assumption of the occurrence of the 
right variations at the right time is a necessity for the development by 
selection of many if not most specializations of qualitative and of co- 
adaptive character, which assumption in turn deniands an explanation of 
causes anterior to selection. 

"And finally most selectionists concede that selection can not make 
new species by relying on the extremes of series of fluctuating or Dar- 
winian variations because of the inevitable extinguishing or swamping of 
these extreme variations by interbreeding with the far more abundant 
average or modal individuals of the species." 

1 See review of Pauly's work. 
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The " objections needing answer " are very briefly dealt with, and the 
reply consists largely of quotations from Plate and one or two others. 
This seems to us very significant. One is driven to the conclusion that, 
after all, the chief present strength of the natural selection hypothesis 
lies in that " curious paucity of satisfactory or at all convincing substi- 
tutiory theory offered by the anti-Darwinians to replace that which they 
are attempting to dethrone." The celebrated case of the " leaf -butterfly," 
Kallima, which Kellogg handles more cleverly than convincingly (pp. 
53, 54), seems to us a good illustration of this last proposition. It is 
easy enough to call this an example of "over-specialization," but such 
cases are far too numerous to be accidental (as witness the " gulf weed " 
fauna as a whole!), and our choice seems to lie between natural selection, 
on the one hand, and some quite inconceivable mode of self-adaptation, 
on the other ; for we are almost driven to saying with Pauly : " The cause 
must have had eyes"! 

The auxiliary and alternative theories considered are panmixia, germ- 
inal selection, intraselection, organic selection, isolation, Lamarckism, 
orthogenesis, and heterogenesis (mutation). To the first four of these, 
the author would apparently assign but slight importance, if any, in 
evolution. Isolation he treats of at greater length, an entire chapter 
being devoted to the various speculations which assume the importance 
of this factor in one or another of its forms. Orthogenesis, as Kellogg 
points out, may mean much or little. With the mystical type, represented 
by Nageli, he has scant sympathy. On the other hand, he evidently 
believes that much modification may go on in definite directions without 
the aid of any form of selection. Concerning mutation, he calls atten- 
tion to the " extreme meagerness in quantity of the real scientific evidence 
for the theory as a theory capable of explaining species-forming as a 
whole" (pp. 349,350). 

Toward Lamarckism Kellogg's attitude is properly one of suspended 
judgment. While recognizing the great difficulties encountered from the 
standpoint of heredity (pp. 262-274), he nevertheless offers an earnest 
plea (p. 382) for the a priori possibility (or is it probability?) of the 
Lamarckian principle. "In other words, when species differences and 
adaptations are identical with differences and modifications readily 
directly producible in the individual by varying environment, are we not 
justified, on the basis of logical deduction, to assume the transmutation of 
ontogenetic acquirements into phyletic acquirements, even though we are 
as yet ignorant of the physicochemical or vital mechanism of effecting 
the carrying over? Has natural selection's claimed capacity to effect 
species change, unseen by observer, untested by experimenter, any better 
or even other proof of actuality than that just offered on behalf of species 
modification as a direct result of the stimulus of varying environment 
and functional exercise? I can not see that it has" (p. 383). To the 
reviewer this declaration does not seem an extreme one, and, while by no 
means constituting a proof of the hypothesis in question, it is a sufficient 
reason for our withholding from dogmatic denial. 
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A more constructive view of "Darwinism's present standing" is of- 
fered us on page 374 : " Selection will inexorably bar the forward move- 
ment, will certainly extinguish the direction of any orthogenetic process, 
Nagelian, Eimerian, or de Vriesian, which is not fit, that is, not adaptive. 
Darwinism, then, as the natural selection of the fit, the final arbiter in 
descent control, stands unscathed, clear and high above the obscuring 
cloud of battle. At least so it seems to me. But Darwinism, as the all- 
sufficient or even the most important causo-meehanical factor in species- 
forming and hence as the sufficient explanation of descent, is discredited 
and cast down. At least, again, so it seems to me." And once more, we 
are cautioned that " what Darwinism does not do is to explain the begin- 
nings of change, the modifications in indifferent characters and in indif- 
ferent directions. . . . What is needed, then, is a satisfactory explanation 
of the preuseful and prehurtful stages in the modifications of organisms : 
an explanation to relieve Darwinism of its necessity of asking natural 
selection to find in the fluctuating individual variations a handle for its 
action; an explanation of how there even comes to be a handle of advan- 
tage or disadvantage of life-and-death-determining degree" (p. 376). 

Here, then, is work for the future : " Let no ambitious student hesitate 
to take up the search for the truth about evolution from the notion that 
biology is a read book " (p. 377). And the volume concludes with a note 
of thoroughgoing optimism: "Biology was never a clearer or more in- 
viting field for fascinating, joyful, hopeful work. To question life by new 
methods, from new angles, on closer terms, under more precise conditions 
of control ; this is the requirement and the opportunity of the biologist of 
to-day. May this generation hear some whisper from the Sphinx 1 " 

Francis B. Sdmneb. 
Woods Hole, Mass. 

The Psychology and Pedagogy of Beading. Edmund Burke Huey. New 

York: The Macmillan Co. 1908. Pp. xvi + 469. 

Within the last decade or so a number of preliminary studies of a 
careful sort have been made upon particular phases of the reading process 
— upon eye movements, apperceptive processes, interior speech, the hygiene 
of reading, and the like. The more important of these investigations 
have been made by Cattell, Bagley, Goldscheider, Miiller, Huey, Dear- 
born, Dodge, Egger, Erdmann, Secor, Quantz, Pillsbury, and Meumann. 
In the volume before us, Huey presents not only the results of his own 
experiments made some years ago upon eye movements in reading, but 
he summarizes practically all that has been done in the laboratory study 
of reading, and he digests a considerable part of the general literature 
treating of methods of teaching the subject. He also gives a brief 
resume of the history of reading from primitive beginnings, and two 
chapters are devoted to the subject of the hygiene of reading. The book 
treats the subject more extensively and in a more thorough-going way 
than has been done heretofore. The experimental work is presented in 
an unusually interesting manner; and so, indeed, is the entire material. 



